The aim of this research is to present a hybrid model to select auto part suppliers. The proposed method of this paper uses factor analysis to find the most influencing factors on part maker selection and the results are validated using different statistical tests such as Cronbach's Alpha and Kaiser-Meyer. The hybrid model uses analytical network process to rank different part maker suppliers and fuzzy goal programming to choose the appropriate alternative among various choices. The implementation of the proposed model of this paper is used for a case study of real-world problem and the results are discussed.
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Introduction
Today, most of companies attend to this point that effective supply chain management can be one of the most important instruments to increase competitive advantage. Therefore, creation of subfigures and stable relationships among suppliers and buyers as well as being success in selecting supplier can be the main factor for the success of supply chain. Assessment and selection of suppliers play the most important role in supply chain and it is very necessary for the success of industrial organization (Hartley & Choi, 1996; Deagraeve et al., 2000) . This issue is important because sold goods and services have direct relationship with purchased materials and services. Traditionally, suppliers are selected based on the ability to represent concerned quality, time of delivery and suggestive price (Sevkli et al., 2007) . With such process, sellers will offensively compete and relationships among buyers and sellers are completely competitive. In the past, there was more attention on financial statements once a vendor was selected. In such process, the primary aim of buyers is more on the lowest price to increase the competition in the market. However, in today modern organizations, most organizations prefer to use new suppliers' strategy (Chandra & Kumar, 2000) .
In fact, this strategy means that buyer can have long time relationship and cooperation with limited numbers of suppliers (Koh et al., 2007) . A good cooperation among buyers and suppliers is the initial step for establishing successful serial supply. This matter is very necessary but is not enough since we need cooperation and coordination among buyers and suppliers. This cooperation include flow of special working, sharing information through electric communication of data and internet, common programming and other mechanisms organizing production systems of just in time (JIT) and total quality management (Spekman et al., 1998) . The matter of selecting supplier usually involves more than one criterion and criteria are often against each other (Yang et al. 2008) . Hence, in order to select supplier, we need an instrument, which can perform this important case regarding multi criteria. Extra to selection of suitable supplier, theoretical methods of decision making can be used in order to assess relationships between buyer and supplier. In the matter of multi criterion decision making, some of alternatives regarding several indices are analyzed and its output is to prioritize them. Different factors are used as the criteria of selecting supplier are: price, approach of just in time delivery, known in industry, size of organization, geographical location, and quality, evaluation of environment, capacity, services, and delay in delivering good, packing, transportation and storing, etc.
In this research, we pay attention to select the final supplier through representing hybrid approach of analytical network and fuzzy-goal programming. This research is fulfilled in one of providing factories of automotive part maker to improve administrative situation of organization. In the next section, we attend to the literature of research and perform researches in the field of selecting supplier. Then, in the third section, we present a methodology and hybrid model and we will finally analyze, conclude and represent operational suggestions.
An overview of literature of research

Supply chain management
Supply chain management includes unification of supply chains activities and information flows associated with improvement of relationships of chain in order to achieve unfailing competitive benefits. Thus, supply chain management includes process of unifying activities of supply chain and information flows through improvement and unification of activities in supply chain of production and supply of goods (Hull et al., 1999) . With increase of competition in the global field, companies should focus on speed and carefulness in answering customer's needs and deliberate for customer's satisfaction and it is a primary focus of this research. Performed attempts in supply chain reduce risk and uncertainty and improve representation of service to customer, improvement of stock levels, processes of business and time cycles and finally increase competition, customer's satisfaction and benefits (Chou & Chang, 2008) . Supply chain management is a process of programming, administration and control of operating supply chain with operational methods (Stevenson, 2002) . Limit of supply chain management involves transposition, stock of raw materials, stock of producing goods and produced goods from the primary point to the consumed point. The most important members of supply chain are suppliers; producers and customers that supply chain management follow to establish relationships among them. Communications in supply chain are performed by several ways. In fact, these relationships are associated with three types of flow in supply chain (Stevenson, 2002) .
Physical flow of materials
Physical flow of materials is movement of raw materials, processing of raw materials and its movement by distributors towards final customers. In this type of flow, physical movement of materials is from high level to low level.
Flow of information or communication of information
In this type of flow, information is transacted among members of supply chain. Movement of information in supply chain is bilateral, meaning that it is fulfilled from high level to low level and vice versa.
Financial flow or cash flow
Creation of financial flows is the principle motivation in supply chain and it is performed from low level to high level. During current periods, usage of supply chain has had many benefits for organization that we refer to the following cases: 1) Reduction of stock;
2) Reduction of production costs;
3) Productivity increscent; 4) More agility; 4) Orders time reduction; 5) Customer's more honesty.
One of important tasks in supply chain is decision making in purchasing or producing. There are six important processes in decision making about purchasing or producing which are as follows, 
Supplier selections and operational models
There are different works focused on selection of supplier process and various models have been proposed such as goal programming, ratio of benefit to cost, integer programming , multi objective programming and linear programming (Ghodsypour & O'Brien, 1998; Yan et al., 2003; Oliveria & Lourenc, 2002) . Mikhailov (2002) presented a fuzzy approach in order to select supplier in virtual organizations. He extended analytical hierarchy procedure (AHP) by data fuzzification. Lin & Chen (2004) used frame of fuzzy decision making for selecting suitable supplier. Onut et al. (2009) used hybrid method of decision making of fuzzy multi criterion in order to select supplier and establish long time relations with them. They used two methods of fuzzy TOPSIS and fuzzy ANP in this direction. In this research, weight of criteria was achieved from fuzzy ANP method in order to select supplier and fuzzy TOPSIS was used in order to evaluate them. Vinodh et al. (2011) defined five groups of criteria in order to select supplier in a productive company where each criterion has sub criteria (Vinodh et al., 2011) . Saaty (2004) used fuzzy AHP model for selecting supplier and designed a model to select the criteria. He analyzed the selection of supplier to a controllable hierarchy in order to distinguish concerned priorities and determined four groups of criteria namely benefits, opportunities, cost (Saaty 2004 ).
We can say that the process of selecting supplier is multi objective and multi attribute decision making. While advanced contexts in the management of materials, management of quality, transportation, logistics, achievement to the aims of on time production are prepared, organizations need to cooperate with distributors who can produce qualitative goods (Sevkli et al., 2007) . Amin and Razmi used fuzzy QFD technique for supplier selection (Amin & Razmi 2009) . By compounding previous extensive researches, Stuart and McCutcheon (2000) created a model to determine the important factors that are effective in introduction supplier (Stuart & McCutcheon, 2000) . Bevilacqua (2006) represented an algorithm in order to select supplier by QFD fuzzy technique. In this research, the following 8 steps were used for selecting supplier (Bevilacqua 2006 ).
1. Recognition of characteristics of the goods to be purchased, 2. Recognition of criteria related with assessment of supplier, 3. Determination of the weight of every one of arguments (why), 4. Determination of the relationship between arguments (why) and status (how) of production needs, 5. Determination of weight of status, 6. Preparation of matrix of internal dependencies, 7. Determination of the effect of potential suppliers on the concerned characteristics,
Final arrangement on the basis of suitable fizzy index
By AHP fuzzy technique, Lee selected suppliers of a productive company on the basis of hierarchy of represented criteria by Saaty (2003) model. This hierarchy involved three groups of criteria, sub criteria and characteristics of sub criteria (Lee 2009 ). Yong et al. (2005 proposed a model for selecting supplier by representing a compound method. They introduced a new approach to select supplier by the analytic hierarchy process and goal programming. Dacin and Hitt (1997) evaluated different criteria of selecting employed cooperator by the managers of Korean and American companies and provided some of the most important characteristics of relations between suppliers and companies in United States and Korea (Dacin & Hitt 1997) . Kannan and Tan (2003) assessed selection of supplier in United States and European countries by comparing US and European management (Kannan & Tan 2003) . Dempsi evaluated 20 criteria of selecting supplier in 1978 and defined them in two explicit and implicit groups. Dempsi thinks that the importance of selecting supplier is more than other parts of selecting supplier process. He believes that three factors are effective in selecting criteria and strategies of purchase (Karamshahi 2010). Table 1 shows arrangement of criteria for selecting supplier from Dempsi's view. RST Xia and Wu (2007) Next, we propose a model by compounding analytic network technique and fuzzy goal programming to rank different suppliers.
Methodology
Exploratory factor analysis
Methodology is a collection of rules, instrument, valid and systematic methods for evaluating facts, detecting indefinites and achieving methods to handle difficulties. A collection of criteria and indices are gathered after reviewing literature and fulfilled research. Let j F , i X and ji W be the factor of i th , the variable i th and weight of the factors, respectively. Therefore we have, 1 1 ....
The experts that used in this research are the whole managers whom are involved in decision making of purchasing in the case study of this paper. We choose executive, business managers, product managers and technical managers. We have designed a questionnaire consists of 30 questions and circulated among 240 people. The primary concern was to perform a factor analysis of 15 criteria where 4 principle factors were detected and the results are summarized in Table 3 .
Kaiser-Meyer (KMO) test is 0.93, which shows that the volume of sample is suitable for factor analysis. Bartlet test is used for the estimation of 2 1504.047 χ = and level of assurance (Sig) is lower than 0.05 that shows that factor analysis is suitable for recognizing structure. Cronbach's alpha based on standardized items was detected to .89 where the number of items was 30 and it indicates that our survey results are highly reliable. Table 3 shows the initial Communalities and extractive communion. Communalities of one variable are equivalent with square of multiple correlations regarding related variables by factors (as the predictor). All initial communions are equivalent with 1. In the initial factor analysis, 15 factors were extracted from 30 factors since the amount of extraction was less than 0.4. Terms of Q1 to Q15 show the criteria of research which will be presented in the next part as the structure of research model. The next output of factor analysis includes three parts having been brought in Table 3 .
Table 4
The results of principal component analysis (PCA) Table 4 consists of three parts, where the first one is associated with initial Eigen values and determines factors that remained in the analysis. Factors including special amounts and are lower than 1 have been removed from analysis. The second part of table shows explorative factors without rotation and the third part represents the extractive factors with rotation. In this research, factors of 1, 2, 3, and 4 involved higher amount of 1. These four factors can show %64 of variables' transition. Table 5 shows the rotated matrix of components that include factor loadings of every one of variables in the remained factors subsequent to rotation. Four extracted principle factors regarding literature of research is named as the following terms:
2) Human resources;
3) Organizational characteristics; 4) Evaluation of qualitative system.
Structural research model is determined with consideration of extracted factor loadings of Table 5 . Fig. 3 shows final model of research on the basis of validity structure of factor analysis. The other arrows in the second level of model shows relations of principle factors being achieved from factor analysis and will be used in the next section for pairwised comparison in analytical network process
Analytical network process
In the fulfilled premier researches, process of hierarchy analysis is used to solve complex decision matters as a multi criteria decision technique. Saaty (1980) introduced AHP for the first time and used it to solve complex matters (Kahraman et al., 2006) . Principle assumption in AHP is the independency of higher levels towards lower levels, criteria and other factors in every level. Most of decision makers are not organized hierarchically due to bilateral relationships among different factors (Saaty, 1996) . In AHP, relationships among indices and levels of decision making are bilateral. Hence, hierarchical structure with a linear relation towards below is not suitable for a complex system. Process of analytical network process (ANP) model making is described in three steps (Onut et al. 2009 ):
Step 1: Pairwised comparisons and estimation of relations' weight and Likerd scale given in Table 6 . The proposed model of this paper uses AHP to rank various alternatives (Yuksel & Dagdeviren 2007) .
Hybrid model of analytic network and fuzzy-goal programming
Fuzzy-goal programming model
Zadeh and Bellman (1970) presented a fuzzy method for decision making in the fuzzy environment (uncertainty, ambiguous environment). Then Zimmerman (1978) presented a method for solving multi objective functions. Here, we want to present a general fuzzy multi objective model for improved selection of suppliers. The proposed model maximizes the suppliers' utilities,
, in a fuzzy form by considering different restrictions with the following form,
where , Z is a suitable level so that decision makers tend to achieve and Z % is defined as follows, 
In this process, a linear function is achieved by multiplying fuzzy goal with its important weights (Sakawa, 1993) that is equivalent with accounting method of Zirman (1978) .
[0,1] and 1, ,
Case Study
In this section, we present the implementation of our proposed hybrid method for a real-world case study of auto part makers. In our study, we have chosen four attributes of human resources, production, quality system evaluation and organizational characteristics as four major factors detected in the previous section and they are ranked using AHP. Table 7 summarizes the details of our pairwise comparison. Using the information of Table 7 we build the following multi objective linear programming model. Table 8 . The implementation of any linear programming software package yields 1 2 3 * * * 0, 0, 1 x x x = = = . As a result, we can conclude that supplier 3 (C) should be selected based on decision makers preferable ideas with f 1 =1, f 2 = 0, f 3 = 1 and f 4 = 0 with λ 1 = 0.45 λ 2 = 0.1 λ 3 = 0.35 and λ 4 = 0.1. Based on the results we have calculated human resource management and organizational structure play important roles on our decision-making. We have compared the performance of our hybrid ANP-FGM method with ANP and the results are compared in Table 9 .
Table 9
The results of comparison between ANP-FGM and ANP method ANP ANP-FGM 0.339 0 A 0.365 0 B 0.260 1 C
Conclusions
In this paper, we have presented a comprehensive method to choose appropriate alternative among different choices where all criteria are under uncertainty. We first performed a factor analysis to determine the most important criteria for selection of an auto part maker. We have set up a questionnaire consist of 15 questions and distributed among top level managers who were involved in decision making. The results have indicated that human resource, production, quality and organizational characteristics played important role on selection strategy. The hybrid model used in this paper implemented analytical network process to rank different part maker suppliers and fuzzy goal programming to choose the appropriate alternative among various choices. The implementation of the proposed model of this paper has been used for a case study of real-world problem and the results have been compared with pure ANP method.
